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ABSTRACT

Since 1958, the U. 8 NRL has had a continuing study of
ramnactiv *y, in alr along the 80th meridian (West). The
year 1960 brought progressive decreases in airborne fission
product radioactivity though the pate of decrease with time -
was significantly less than during 1950. During 1960 the
activity levels in the Northern and Southern Hemispheres
gave indications of approaching equilibrium which suggested
that transequatorial mixing tn the stratosphere does occur
but with a4 mean lifetime of several years for the process.
Nwever, (wo years after the cesnation of the major nucjear
test programs, differences in the fission product composi.-
tions of the twu hemispheres stil] exist,

Tee relatively small amounts of radivact, vity nnéraled
by the French auclear tests 'n the Sahara produced only

.transient eficcts at afew sites ajung the 80th mertdian. The

imterpretation of atmospheric mixing patterns from meas.-
uwrements of \he concentrations of the konger.tived (ission
products in the air was not significantly aflected by these
fresner debris. Pission product ratios invelving some of
the shurter-hved tixsion prokcts did documént the presence
of dedris frum the February 1960 test in a band extending
from Miami, Florida, to Gravaquil, Ecuadur, with the sugges.
Ston that small amounts of debeis did appear in other areas.

PROBLEM STATUS
This 15 an mterem repor(, Work on this probleat 1s
cUnhLRUIng. v . o
AUTHORIZATION

NRL Probiem A02-13
Pruject RR-004.02.45.3132

Manaee ripe wiehmatied Aupast 17, D4R,
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FISSION PRODUCT RADIOACTIVITY IN THE AIR ALONG
THE 80TH MERIDIAN (WEST) DURING 1960

INTRODUCTION

The p.ogram of measurement of the fission product radicactivity tn the air at ground
level along the 80th mertdian during the past years has proved exceedingly worthwhile in
correlating the latitudinal varations of radivac tivity with tropospherie and stratospheric
sources of nuclear debris (1-3). The absence of any Yarge scale nuclear testing during
the past two years has permitted the investigation of stratospheric depustition processes
with a manimum of interference from similar debris inteoduced directly into the tropo-
sphere. In 1960, radicactivity levels, except for the period immediately following the
French nuclear tests in the Sahara (4). were sufficiently low to require some modification
of previously used collection aschemes to maintain the desired statiatical accuracy i count.
ing. Purther changes in the {uture are indscated as the fission product concentration cone
tinues to decrease. The low activity levels, unfortunately, required a decrease in the
number of collecting stations in operation during 1960 hecause of the long counting times
required of each sample to oitain reasonable statistical accuracy. The cooperating sites
during 1960 are listed sn Table 1; the chuice wans made on the basis of geographical luca.
tion, with ¢mphazis on sites at jow altitudes.

This program, as in past years, has been operated by toe U, & Naval Research Lato.
ratory with the svoperation of interested agencices of the United States, Canada, Ecuador,
Peru, Bolivia, and Chile “which have made the actual sample colicctions and forwarded them
to NRL v analymis. Partial financial support of this program has been ottaimned from the
Dawvision ot Biology and Medicuiv, U, 8 Atomic Energy Commission,

EXPERIMENTAL PROCEDURE

Continsous sampling of particulate radtoactive material tn the atr at ground level
was performed at 11 jow slttude sites along the B0th meridian (west) and at two high
altitude: witr-s, Chacaltava, Dolivia, and Mauna Loa, Hawasl, at comparable Llatitudes north
and sauth of the equator.

The sampiing procedure involved drawing atr continuously at 3 known . ate (approxi.«
mately 1200 cubie meters per day) through high etficiency filters 8 inches in diameter ty
use of positive displacement BHowers. Filters wore changed three times per week and
{urwarded immediat: by to NRL for ansay fur gross - activity teo wecks alter coflection,
as described elsewtere (2). Radiochemical analysev were per‘ormed on collections trom
cach site for the montts of January, March, May, July, Scptember, and Novemine 1960

The longer mamphing imen were necessitated by the lower fission product activiey
prevalent in the ar during 1960, This tower activity also required the use of jow.level
counting techniques Gnticomncidence counting in heavily shiclded equipment) to oldan the
desired accuracy in measurement of the radiochemically separated nuchides, These
counters were standardized in Late 1959 and again in carly 1861 using radioactive standards
of known disintegration rates,

Sr’ {rom the various samglen was determined by separating out and coupting the ¥
daughter activity and 2is) by vounting the equilibrium mixture ot 8¢° .Y and compating




NAVAL RISEARCH LABOR

¢ ; e e
o -

ATORY:
Table
Jollecting Sates Assariated With the NRL $0th Meridian
Ar Sampling Progr sms During 198)
Station Latitude | Longitude l"":)"" Operator
| == ——
Toule, Greenland MIVN] MWW b ] Graphys.cu Research hrecturate. USAP,
Cambeidge Research Lalnoratoties
Muvsunce, Ontario, NIN| 0 Www ([ Meteorological Branch, Department
Canade of Transport (Canada)
Washungton, D. C.* 38 O°N 1€ ST'w [ ] U. & Weathur Bureau
Mams, Ploride BON] 0ITY L} U, & Weather Burcas
Mauna Loa, Bawast IPBN] IS 8w 394 U. & Weathvr Burcau
2an Juan, Pusrto aco! | 18 2°'N ] 68 00'W 10 U. & Weathet Bureas
Miraflores. Panama 1ON] TP'W 10 Canal Zuse Corromon *shoratury
Canal Zone (U. & Naval Nesesrcn Laloratory)
Guayaquil, Kcuardor 3108 ™Nw 1 Meteacotogical Office, Dirercior
Ganeral de Aviacion Cuvit
Lima, Pesy 12068 7T01'W 14 Carporarion Peruans dv Acropuertos
y Aviacion Comercial (CORPAC)
Chacaltays, Bolivia 17108 | e 13w | 320 | Umiversidad Mayor de San Andres,
Ratoratoeio de Fisica Cosmica
de Chacaltava
Antofagants, Chule n s 010w 31 NASA Satellite Tracking Station
Sartisgo, Chile nns 0 2w %0 Olsc ina Iﬁwml::(lrl e Clilc; 3
Pur rto Muntt, Chule anst runsre s Ofivina Metworokugica de Chle -
Punta Arenas, Chule 3008 T W 3 Olicing Meteorviugica de Clule

OCMlecting equiprrert muned froav Shier LI, Maryiand, 16 e g, Virgiras

TURTICS
ARV I
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Hootet gy ey

T 2O W, wdevatie Bl ar Setember }obey,
aradvred tor croee 8 sibngty ordy iy petimte o o bear

.

o

it with 3 similarly prepared Se”' .Y ™ standard source. n the abeence of fresh debris

comtaining Se™, as determived by the absence of radicactivity in the Ce*** and Y™ frac.
tions, the Latter pron edurs 18 preferred because of its inherently greater accuracy due to

the fewer processing steps requtred.

RESULTS

Grues Fission Product Concentrations tn the Air

The monttly average gross finsion product concentrations are histed in Table 2,
Monthly pr fiies of the gross fission pooduct o activity in the ground.-jevel ae along the
80th meridiar are showr i Fig. 1. There are scveral ponts of interest (n these profiles.
First, the great, but short-hved, induence of the French iest of February 13, 1960 on the
grosy radioactivity in the region hotween 26 N and 2 5 48 apparent, The abaence of debrin
from this test in ot or arean wan conl:rmed by tadic hemical analyses which indicated
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. Table 2
Gross Pission Products in the Ground. Level Al wring 1960
' Activity (dis/min per m® of air)
Site Jan, | Peb. | Mar. | Apr. | May ] June | July § Aug. | Sept. ] Ot | Non. | Dec
Thule 02038 036 023%51022]02) (018 §0.15 00T | 005 ] 006 0.08
" Muocsones 0|03 josz]|odljowfods 027|015} 012000008 | 013
Washington 02103 0.43 053049048 104 02 038 10137014 0.15
Miamu 0421057 ] 097 ] 0551053]024 JO013]|014 ]| 007 ]|00vw]o014] 018
Mirafiores 017} 365 355 0.221006] 603 | 005] 005 003 {1 003] 00) 0.0%
Guayaquil 0086 ] 0us | 047 { 007 ] 007|005 [0O03]O0LS |] 004 003006} 0.0%
Lima 004004 | 003 ) 004]1002]003 10041003} 008;006;003°"! 003
Antofagasta 008 lot0o| 02| CUs 00T 00T |00 ]009 | 0430130101} 0.10
Santisgo oltjosjon 009 008|007 joos | Oo.0¥ c12l 0090130} 013
Purrto Montt 1 009 ] 010 | 010 ] 0031 003] 003 J[OoO2 103 ] 003] 004 . -
Punta Arenas § 003 ] 004 ] 004 | 003 | V.05 . 202)002 [ 0030021002 | 0035
Maunas toa C224fj03Jos2|o2Tjonjo24jo23]fj012f012]007]007] 00S
Chacaltara V21004 ] 008 | 004 [ CO05} 004 [005]008 | 005 ] 008] 003 | 006
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negligible quantities of some of the shorter-lived fission products (Ce'", se™, v*, pr'",
Nd'", etc.) in collections from these areas. A more detatted presentation of radioactivity
changes associated with this first French atoruic test is given in Pig. . Tre effect of

the passage of the radicactive cloud or clouds wouid be even more appurent {particularly
at Miami) if the results had been plotted on a linear scale, rather than on a logarithmic
scale. Due to the background activity remaining after the first Froench test and the increas-
ing rate of stratospheric *fallout® during this season, debris from the second smaller
Prench test could not be tdentified. Some information on these nuclear tests is included in
Table 3. Analyses of collections made tn May 1960 indicated that removat of doebris from
these tests was eszentially complete during the period of 1 to 3-1/2 months which had
elapsed since the explosions. This rapid deposition of material introduced below the trop-
opause 18 10 be expectet and, in fact, mav e even more rapid in these latitudes thasn else.
where due to the frequent occurrence of heavy rainfall in the lroplc-. ‘
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During 1980 ‘he gross activity in the ground-level aie of the Northern Hemisphere
underwent the expected seasonal changes, though they wese confused to some extent by
the Prench tents, These measonal changen are maore soparent in the 8¢ ™' data presented
tn a later section. It ix of interest that in the Scuthern Heminpher, while there were [ess
obvious seansonal eftects, the overs!! gross (isston product concenieations did not declire
markedly during the year. This would ivhicate a replenishment of the Southern Hio misphere
stratospheric source 3t & rate commensurate with that by which it was being denteted ty
deposition and radiosctive decay.
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Table 3
Information on the 1960 French Nuclear Tests
in the Sahara Descrt Near Kegvane, Algeria
—
Dute Yield®
P P
February 13 60 kt Between February 24-26, 1960
(xee Fig. 2

April 1 5kt | Not identified
December 27 5kt | Between January $-9, 1961

First Arrival of Debris
at 80th Meridian

SUnoltic1al = snformation obtained from newsjuaper
aclounts,

Progressive changes in the gross fission products in the air at several corresponding
Northern and Southern Hemisphere sites during the past two years are shown in Fig, 3.
Dvring succeeding seasonal minima in the Nurthern Hemisphere, the air concentrations
of fisston products 3t Washington and Miamit dipped lower and Jower until, in the tall of
1970, the artivity levels st these sites were no higher than at Antofagasta and Sartiago,

It might be expectd that at the scasonal mimmuia durtag 1961, the Northern Hemisphere
values will e much below those of the Suuthern Hemisphere, With depletion of the excess
rachoactivity in the northern stratosphere, the corresponding scasonal effects in the South-
ern Hemusphere should also become more evident since the rolative quantities of debris
crossing from North of the equator would be less significant.

The radioac vty patierns during 1960 exhilatfed the vame form 48 has heen conspies
vous during past yesrs, namely, maxima in the midiatituder of ¢ach hemisphere with a
minimum in the Tropics, The highest levels of activity were at Muami, Florida, durng
the winter and sprang of 1960, shifting northward to Washington, D. C., for the summer and
Autumn scanons, 0 a manner observed in prioe vears (2). A sinnlar, though wegker, north.
ward shitt appeared to occur at the same time tn the Southerr Benusphere,
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A further jtem of note is the consistntly large asffercnce 19 radicactivity concentria-
tions at Moosonre (51 N) as compared to Punta Arenas (53 8), which excecds greatly the
raties of activity at any other corresponding sites. This may be perha)s attrinhutable to
the Lick of any sigrilicant source of radioactivity in the jower antarctic siratosprere or
perhaps to a difference in the meteorology of the two regions. Other investigators have
reported the influx of fission products and of Rh ™7 tracer from high altitude shots of the
Hardtack series into the upper stratosphere at the higher latitudes of both hemispheres
(5); the infurmation presented 1n this report suggests that radivactive debeis trom these
tests {Teak, Orange) have as yet had no measurable effect on the distribution of radsc.
activity al the earth’s surface,

Radiochemical Analyses

A summary of the radiochemical analyses of compo:iite monthly air-filter collections
made during 1960 is presented in Table 4 10 units of disintegrations per minute per 100
standard cubic meters of air and corrected for radicactive decay to the midpoint of the
collection period.  Several activity ratios are also listed; these are discussed 1a later
sections of the text. Where available, preliminary dita from the radiochemical analyses
of comhined January - Pebruary 1961 samples are included in the uaphical presentations
which follow, ; PR

Sr”' in the Air

The average St ™ concentrations in the air at the various ».tes during alternate months
are shown graphically in Pigs. 4.6, In the North Temperat: Zone (Fig. 4), the spring max.
tmium of 1960 15 well defined, as was the 1959 maximum, with a peak {spring 1960} to valley
twinte r 1360.61) ratie varying from about 3 at Washiucton 1o 10 at Miami. This may be
cempared to 1959 with maximum /minimum ratios in the range of 19 to 42, The effective
hilt. time of decrease of the Se™ concentration folloving the spring peak was about 40
davs during the intervyd July-Scptember 1960 compared with 30 days during 1359 The
changes are attributable to depletion during 1959 of much of the excess atratospheric
radivactivity ar welated with the USSR testa of 1958, Inlerestingly, the maxima and ininima
appeared carliest at the Miami site during both 1959 and 1960; during 1960 these changes
vecurred earlier at Thule than cither at Mousone, v Washington.

In the South Temperate 2one (Fig. 3), 88”7 concentration s show definiti increases xt
Antofaganta and Santiago during the Southern Hemisphere spring scason. However, this
seanoral effect 18 not as pronounced at Puerto Montt and Punta Arenas and occurs al a
later ime. In the Tropics (Pig. 6) there 8 a rather distinet outof .phase relationship in
the 8r = concentrafions at the sites o hove and below the equator. & addition to the sea-
sonal maxima and mintma there mayv be other effects associated vith changing ramfzli
patterns (dry and rainy seasons) whi ‘h can distort the general activity levels.. The Prench
nuclear test of Pebruary 1960 atso contributed 10 the S¢™ activity during March, most
impertantly at Miraflores and Guayaquil. There 1s an unexplainatie secondary peak o
atmospheric radicactivity at atl Soutbern Hemisphere sites during March which does not
appar ta be re iau'd cither to the French teats or te actyvity §e vels in the Noniwrn
Heousphere,

Prufiles of 8¢ along the BRh meridian during the periods of the seasonal maxima
and nunima are shown in Fig. 7. For comparison the profile for Janaary 1360 s cshown
10 indie ate the disteibution dueing an intermediate period. It should be noted that the data
for no one month will dopict accuraiely the profiles during pertods of maxima and mirama
ber=oar of the different imes of occurrence &t the various sites, It is evident, however,
that decided seavor ) changes do occue which are roughly siv months out.of .phase | as
might be expected. The position of uirimam activity alwavs hies within the tropios but'
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NAVAL RISEARCH LASORATORY 1

shifts with time toward the area of the seasoval minimum. This change may be due to the
shift of 2 belt of rainfall with scason associated with changes tn the meteurological equater,

Contribution of 82 ™ 10 the Gross Pission Product Activity (o the Air

In past years an indication of an apparent age of radivactive debiis being collected
could be estimated from the rat1o of 8r* o the gross ;i activity (3). During 1960 the low
levels of gruss fission product activiiy have made its estimation of less rebiability; more
significantly, however, the relat:ve contribution of the Jong-lived natural radivactivity
(RaD-RaE) has increased tu a point where it may be contributing a sizeahle fraction of the
total ;4 activity weeasured (Table 4). Because of the incompletoness of data on this radin.
active component, °t 18 not practical to make a correction for its contribution to the gross
4 activity. It is evident, on the other hand, that {resh activity with its characteristic low
B ®/grons 1 a-nivity ratio was collected at Miraflores, Mawz Lox, Miami, and Guayaquil
during March 196). . ‘

Activity Rat1os

Ce'*' /80 ™ o The ratios of Cr'* activity @ of ™ activily in the air af corresponding
arcas of the Northern and Southern Hemispheres during 1859 and 1960 are shown in Fig. 8.
Following the spring peak of 1959 1n the Northern Hemisphere the Co ' */8r™ patio decreased

‘more rapidly than the rate expected for radicactive decry alone. This effect was the reault
of the depletion of the younger stratospheric sourc: of debeis from the USSR October 1958
test series with the resulting relatively greater contritwtion of older debets from more
southcrly Jocated stratuspheric sources, During the spring of 1960 there was no indication
of 3 second 1o flax of younger detiris from the USSR souree, confirming its esmeeitial doples
tim or complete integration through auxing during the preceding year. bn v Southern
Heminphere there sppeared to be some influx of oldee debeiy durtng September Novemtber
1958 which 1 (onnistent with the tna reased contritwtion of older debess from an antarctic
suurce {reselting (rom the Suuth Poleward migration of (ropicat debris). Nu sach change
was evident during 1960,

«  The changes 10 the Coe /8¢ ™ activity ration during 1960 do indicate a slowly approach.
ing equilibrium an hmited transequatorial mixing progeesses. A comparison of the Ce 'Y
B = Activity ratios in the two arcas during July 1959 with those during July 1960 indicates
a lessening of the age differential between the (tsaion product conglomerates in the strat.
ospheric sources of supply, this age dilfcrence decreased from asbowt T monthe 0 abowt

2 months in a year's time,

Ce'" Pm'"’ = The decrease in the Co '*Y/Pm '*" activity eatice with tuae is shown in
P16 §and is rasentially at the rate expected. The difficulty ¢ mounting the P '’ sample
vith its ¢ particle of low ~nergy 50 88 W repruduce reliably the self. absorption character.
Istics of the sample 15 grobably the major cause jor the spread In values of this ratio.
Thete appear (o be no systematic dfferences in the O YPm 'Y ration In the samples
from the two hemispheres 1a comtrast to the Ce '/8r ™ 3 <tion. )

Cu'"/Br™ < The Co'"/82% activity ratios listed in Table 4 are generatly oy the
netentchood of 1.9 (507 in range 1.90 - 0.15) with a secondary growping below .3, All
of the Miami sampirs had ratios in this latter grouping; the significance «f this differ nee
s unknown. .

The variation in counting rate of cestem samples han been found (n many cases . ‘w
due 10 the s1ze of the ceystallitens of CoCW),, which 1s the maunting form «f the carrier
The larger agpregates can ¢ ause an appreciable joss iy the masured activity due to the
Increased seif.absoarption of the sample. Bowever, this tactar does not acoount fur the
fact that all of the Mism samples have Jow Cs''/86 % actinite it
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NAVAL RESEARCH LASORATORY 13

Rifect of Altitude on Relative Fission Product Concentrativns

The changes 1n the relative activity levels at 2 pair of high altitude sites and also at
a pair 0f sites near sea level at comparable laidar s North and South of the equator are
shown in Fig. 10. The low altitude sites show the accentuated peak.to.valley relationship
expected as a resull of vut-of -phase scasonal changes in deposicon ratzy n the two hemi.
spheres. This same relationship is found for gross 4, Pm'Y’, and Ce'*” as well as for the
depicted 8¢ and Ce ' activities.  An entirely differes patterr, confirmed by all the
activities measured, is evident in the comparison of activity concentrat s at the high
altitude sites. The high value ¢7 the north-to-south £atio 1n January 1860 1s due to the
low activity collected at Chaca:taya at that time; the 1961 gross J activity measurements
indicate that a more normal variat:on will be obtained during 196F. Perhaps the only sig-
nificance of these data 18 that it indicates that the activities at ground level are not neces-
sarily related to those at higher levels overhead (n the troposphere. Peirson, et al., have
already pointed out a difference between stratospheric and tropospheric air over England (6).
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Contributions of Hardtack Debrinto Atmospheric
Contamination During 1960

An explained in detail in previous reports (1.3), the W' produ ed wsuque v i the
U S Hartach series at the Parific Proving Grounds during 1938 can te uxed to extimats
the cortrsbution of theae tosta o the gener ol atmospherie contamination There was culfy
Ccrent W' achivity romaining in the ur during 190 (or roamabde determinating: of this
Isotope to be made orly through March in the Southern Hemtsphers god throngt tuls an the
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Northern Hemisphere. Removal processes as well as radroactive decay were responsible
for the »w levels of W'** activity encounterea.

The contribution of Sr™ from the U.8. Hardtack tests to the tutal St in the air at
various sites during carly 15960 is shown in Tatle 5. These calculations are based on the
assumption of a WYSr™ activity ratio of 500 for Hardtack debris as of July 15, 1958.

The contributions o’ Hardtack Sr™ to the tutal were essontally unchanged (within exper -
imental error) when compat ed with curresponding pertods of 1959 (3). In both 1959 und
1960 the percentage of Hardtack debris decreasced markedly ¢ :*ing the spring in the North-
ern Hemisphere; during the periods January-March of 1959 and 1960 no sigaificant changes
occurred in the Suouthern Honusphere. :

Table 3
Contribution of & * From U. 8. Hardtack Tests
to the Toutal 8™ in the Air During 1960 -

Hardtack Sr™ (percent of total S¢™)

Sate Jan. Mar. l Muy I July
mle 14 9 [} 13
Moosonee [} ] 12 S 7
Washington 12 10 ¢ ]
Miami 14 ] 11
Mauna Joa 12 T ? -
M.raflores 8 18 16
Guayaquil 13 | e . .
Lima R B 1 ] 1 - -
Chacaltaya i 19 - .
Antofagasta 1e 12 - -
Santiago 14 13 - .

Pucrto Montt 18 0 . .-
Punta Arenas 15 18 . -

It had been thought that the rapid depletion of radivactive debris {rom the USSR 1958
tests would renult in an increased percontage costribation of U 8. Hardtack debr's during
the period of peak fallout 1n the spring of 1860, This duce Mm% uppear to be (e case, how.
ever, and suggents that U.S, Hardtack ¢ -twis ajso had a fant (allout rate during 19%9  The
actual W' concentration in the air in the Northern Hemisphere Suring th - spring of 196),
when corrected (or decay to the corresponding periad in 1959, in only 20- 137 of the 1999
volue, which would isxhcate that aver 3/4 of the W ™ .contatning Hardtack debrin dinap-
prared from the Northern Heminphore reservir tn 2 year's time. The few calculations
possible on the depletion rate of W in the Southern H mixphere indicate that the rate ia
definitely leas than in the Northern Bemisphere, unfortunately =0 comparisn can b made
during the period of peak Southern Heminphere {atlout boecause of insuffic ent W activity
at that ime to warrant 1solation of (58 cadionw lide.
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Contridbution of French Nuclear Tests to Atmospheric
Contamination During 1960

As indicated in an carlier section, debris from the Prench guclear tests of February
and April 1960 were detected in a rather narrow band lying between 28 N and 2 S along
e 30th meridian. Radiochemical analyses, however, did indicate the presence of trace
quantities of some of the shorter-lived {ission products in a much wider area (Thule,
Greenland, to Antofagasta, Chile). Outside the primary area of detection the contribution
of 8r™ from the first Prench test to the total present in the alr dering the month of March
1960 was negligiNe, as indicated in Table 8. However, the overall contribution of 8¢
from thiz source amuunted 1o about 107 of the total burden of Se™ in (he tropospheric air
along the 80th meridian during March. On the basis of fission yield comparisons alone,
it is cbvious that this test contributed less than 0.17 t0 the worid-wide inventory of Sr*
(2 tinsion yicld of 60-70 kilotons vs a total fission yield exceeding 90 megntons). The fact
that only traces of the shorter-lived activities (Ce 1%, Sr*, Y%) were detecied in the May
collections frov a few sites and ~one were found in any of the Jane collections would tndi«
cate that negligible quantities of these debris could have entered the stratosphere,

Table ¢
Contribution of Prench Test of 13 February 1940 to Total
8S¢™ in the Alr at Various Sites During March 1960

Activity (dis 'min/100 s.c.m) | Contribution of
Ate se™e ™ ™ Freuch Test
F Taualentt “
Thule 0.26 0.0018 0.908 a1
Moosoree 0.58 0.0034 0.538 . 040
Washington G.63 0.0039 0.940 .41
Miann 7.3 V.044 1.51 9
Mauna Loa 21.6 0.130 1.3 |} .3
Miraflores 78.0 0.470 0.358 5o
Guayaquil 15.7 0.093 0.170 %0
Linta 0.34 0.0. 1 015 44
Chacaltaya 02| ooo16 |oum 12
Antutagasta 0.2 0.00t8 0.303 X )
Santiago 00 0.000 0 380 60
Puerto Montt 0.0 0.000 0.311) 9.0
Punta Arvnas 0.0 0.000 . 163 0.0
*Corrvted for decay to 14 e bh, ko,
tHRawed an S 7™ L ta of 100 At e of fiasian,

Natural Radivactivity

/

Al some future time, barring new releases of f(insion products through nuclear tosting,
studiaon of A1 motions using radiotzacer techniques will of nceccessity depend on the natue.
tally vecuriiny radivactive constiteon®s of the atmosphere. The 80th meridian program of
radhorhemical anal ses of air sanolew oftered an oxccllent opportunity to obtiin somte
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much needed information on the hackground levels of radiwa-D (Pb ") in the air over a
wide range of latitudes. Some results of such measurements were reported carlier in
this program (7) but the analyses were discontinued because of their interference with
the more important W ** determinations.

PL*, because of its 22.ycar half-life ard its source in the decay of radon which, In
turn, . tted over most land areas of the globe in comparable concentrations. might be
expeci-d Jo be 3 useful tracer for long-term air movements. The data collected sa far in
this progrim do indicate that at ground level the average concentrations at a given site
can vary widely from month to month; therc is insufficient data on hand prescatly to deier-
mine if these variations are annual, sczsonal, or random  As scenin Table 4, thereas a
definite latitude dependence of Pb*” with the lowest concentrations in the more southerly
regions. Other data, nt yet reported, shuw the Pb™" cencentration to be vven jower at
the South Pule. This trend is what would be expected for a source of radon and, conse-
quently, Pb*° in arcas where land is more plentiful, followed by progressive deposition
of the Pb™” by natural processes during its migration southward.

An indication that reletiy iy high PB*™ concentrations exist at high altitudes 1s shown
by duta for Maunt 1,3 and Chacaltaya where the Pb*'” concentration is comparable 1o that
at lower elevations. The quantity of Pb™” that would be produced locally near Hawait
might be expected to be neghigible, 3o that the activity level encountered ai Mauna Loa
should "orrespund in general to that at 10,000 fect altitude and 20 N latitude.

3 18 of interest that the quantity of Pb** tsolated from samples during 1960 showed
it to be 2 major contributur to the gross arrtorne radivactivity in many arcas and indicates
such measurcments of gross . activity (o be of doutstful vatue at the present time. This,
again. puints up the necessity for the determination of specific radionuclides by radio-
chemical or oth.r techniques 1* any meamingful interpretation of atmospheric radioactivity
concentrations 1s (o be atiempled.

DISC USSION

Since the conclusion of large scaie nuclear testing in 1958, there has been oota.nuwd
wnambiguous evidence of a strong seasunal variation in the rate of influx of stratospheric
bumb debiris ito the troposphere of the Northern Hemisphere. Two such spring maxima
have bren documented and a third i3 evident from preliminary data trom 1961 collectum -
The Lirst clear evidence of a spring maximum in the Southern Hemisphiere was obtanen
during 12650 andd it was, an capedtid, suughly § montha out of phase with that in the Northe-
rrn Hemisphere, {t is thercfore evident that the same meteorological proceanes involving
the seasonal variation in mixing of stratospheric and tropuspheric alr are operating in
buth heminpheres; in the past these rycles in the Southern Hemisphere had teen obscurcd
by the transequatorial migration of debeis from the areas of higher concentration in the
North. Jt might be expected that the seasonal cycles in the two arcan will be more nearly
comparable 1n magnitude as the activity levels in the two areas become more nearly equal.

In spite of the high rate of depletion of the stratocpleric eeservatr of finsjon produdct
activity during 1999 from rapid faljout of dudaris [rom the 1938 USSR (eats, a conmtderablc
quantily of activity stiil reman s undeposited. If Northern Hemisptore concentrations of
A0UVItY in the ground-level air age compired at corcesponding periods of 1959 and 1960,
hall residence times a5 short as 3.5 months (Jaruary-March) or exceeding 12 months
(Nov - mber) can be obtained.  The Jonger period, ottained at a time of mintmum influcnee
of any arctic debeis, must be reloted to the removal rate of debeis from the equatorial
stratosphere, the shorter time is related to the fatlout of arctic debria. Migravon of fbris
4 POSR the cquator 1n the stratuspl ere must ¢ ause some of the obscrved depletion so that
the true half-residence time must exceed one year in the tropreal stratosphore for the pros.
ent spatial fvertzeals distributéon of debris. Pretimmnary Se™ data for Janvary-Febraary
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193] when compared with January 1960 indicate an even longer ball.residence time (30
months). This is the trena that would be expected as the arctis Jebris become less prom-
inent and thus the later values shousd more cleacly represent the true Falf-residence time
of the tropical source. :

In the Southern Hemisphere comparisons of activity levzls during the successive
l-ecuher-ﬂovember periods of peak {allout in 1959 and 1960 show am actual increase in
8" concentration at ground level which indicate an overall increase in ihe burden of Sr™
in the stratosphere over the Svuthern Hemisphere, Preliminary duta (rom early 1961
indicate that this trend is continuing. The rate of southward transfer of material across
the equator in the upper atmoephere, therefore, ~~eeeded the rate of depletion of the
Southern Hemisphere reservoir. Qualitatively, it ma; ... toncluded that the half-time of
transeauatorial mixing ‘n the stratospherc is of roughly the same magnitude as the half.

Ume of deposition (rom the straiospheric reservoir in the Tropics, samely seversl years.

v

CONCL USIONS

Dueing tha anet voor ezl L5 Wci @ Cunaides abliv ducrense i Leswn product radio-
activity concentrations in the ground-level air of the Northern Hemisphere, but in the
Southern Remisphere an actual rise in the concentrations of long-livod fission products
has been observed.as & result of transequatorial mixing in the stratosphere. The rate of
change of activity levels with time in the Northern Beomisphere has decreased markedly
as the older debris above the Tropics become the dominant source of long-lived fission

products.

A Walf-residence time of scveral years is indicated for debris presently located in
the tropical stratosphere; the half-period of mixing across the equator (s of the same

The existence of spring peaks in fission product levels in both hemispheres, attrib-
wtable solely to sensonal variations in the meteorology of the upper atmosphere, have
been documented. Preliminary data from 1961 collections indicate that the expected
Notthern Nemisphere spring increase {s underway.

The suclear tests held by France in the Sahura produced only transient effects on
the rashosctivity of the air, with the bulk of the short-lived activity appearing in a rather
narrow band (26 N to 2 8). The ragid depletion with time of fission products of maderate
half-fives (one 10 two nonths) indicates that negligibie quantities of detris (rom: these
tests could have entered the stratoephere.
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